Objective: To identify risk factors independently predictive of pressure ulcer development in adult patient populations? Design: A systematic review of primary research was undertaken, based upon methods recommended for effectiveness questions but adapted to identify observational risk factor studies. Data sources: Fourteen electronic databases were searched, each from inception until March 2010, with hand searching of specialist journals and conference proceedings; contact with experts and a citation search. There was no language restriction. Review methods: Abstracts were screened, reviewed against the eligibility criteria, data extracted and quality appraised by at least one reviewer and checked by a second. Where necessary, statistical review was undertaken. We developed an assessment framework and quality classification based upon guidelines for assessing quality and methodological considerations in the analysis, meta-analysis and publication of observational studies. Studies were classified as high, moderate, low and very low quality. Risk factors were categorised into risk factor domains and sub-domains. Evidence tables were generated and a summary narrative synthesis by sub-domain and domain was undertaken. Results: Of 5462 abstracts retrieved, 365 were identified as potentially eligible and 54 fulfilled the eligibility criteria. The 54 studies included 34,449 patients and acute and community patient populations. Seventeen studies were classified as high or moderate quality, whilst 37 studies (68.5%) had inadequate numbers of pressure ulcers and other methodological limitations. Risk factors emerging most frequently as independent predictors of pressure ulcer development included three primary domains of mobility/ activity, perfusion (including diabetes) and skin/pressure ulcer status. Skin moisture, age, haematological measures, nutrition and general health status are also important, but did not emerge as frequently as the three main domains. Body temperature and immunity may be important but require further confirmatory research. There is limited evidence that either race or gender is important. Conclusions: Overall there is no single factor which can explain pressure ulcer risk, rather a complex interplay of factors which increase the probability of pressure ulcer development. The review highlights the limitations of over-interpretation of results from individual studies and the benefits of reviewing results from a number of studies to develop a more Open access under CC BY-NC-ND license.
Introduction
Pressure ulcers are described as 'localised injury to the skin and/or underlying tissue, usually over a bony prominence, as a result of pressure or pressure in combination with shear' (National Pressure Ulcer Advisory Panel and the European Pressure Ulcer Advisory Panel, NPUAP/EPUAP, 2009). Pressure ulcers vary in size and severity of tissue layer affected, ranging from skin erythema to damage to muscle and underlying bone (Witkowski and Parish, 1982) and are classified by tissue layer affected using the NPUAP/EPUAP classification system (2009) .
Pressure ulcers are a worldwide problem affecting hospital and community patient populations (Kaltenthaler et al., 2001; O'Dea, 1995; Saito et al., 1999; Vangilder et al., 2008) . In practice, the emphasis is on identifying patients at risk and implementing appropriate interventions to prevent pressure ulcer occurrence (AHCPR (Agency for Health Care Policy and Research), 1992; NICE, 2003) .
It has been argued consistently that pressure ulcer risk assessment scales need to be developed on the basis of multivariable analyses to identify factors which are independently associated with pressure ulcer development (Bridel, 1994; Cullum et al., 1995; Nixon and McGough, 2001 ). An improved understanding of the relative contribution risk factors make to the development of pressure ulcers and an improved ability to identify patients at high risk of pressure ulcer development would enable us to better target resources in practice. Early epidemiological evidence identified that reduced activity and mobility is the key risk factor for pressure ulcer development, but the relative contribution other risk factors make cannot be reliably determined from individual studies. To inform an emerging National Institute for Health Research (NIHR) Programme Grant on pressure ulcer prevention (PURPOSE: RP-PG-0407-10056) we sought to systematically review existing research to identify factors independently associated with pressure ulcer development, that is, ''a risk factor that retains its statistical association with the outcome when other established risk factors for the outcome are included in the statistical model'' (Brotman et al., 2005) . However, it should be noted that being 'independent' is a statistical concept, depends on the risk factor variables included in the model and does not imply causality (Brotman et al., 2005) . Careful consideration should therefore be given to whether the statistical associations have clinical relevance.
The aim of this study was to identify risk factors independently predictive of pressure ulcer development in adult patient populations.
Methods
A systematic review of primary research was undertaken. The approach was based upon the systematic review methods recommended for questions of effectiveness (The Cochrane Collaboration, 2009 ; Centre for Reviews and Dissemination, 2009) , and adapted to identify risk factor studies with consideration of the methodological limitations including bias and confounding associated with observational studies (Egger et al., 2001; Hayden et al., 2006) .
Study eligibility
Methodological quality criteria were integrated into the inclusion and exclusion criteria of the systematic review, developed from principles of good research conduct in observational studies and randomised controlled trials which minimise bias (Altman, 2001; Schulz et al., 2010; Maltoni et al., 2005; STROBE, 2005) .
Inclusion criteria: (i) primary research, (ii) adult study populations in any setting (iii) outcome was the development of a new pressure ulcer(s), (iv) prospective cohort, retrospective record review or a controlled trial, (v) length of follow-up at least 3 days, with exception of operating room studies for which no minimal was set and (vi) outcome clearly defined as !Grade/Stage 1 (AHCPR, 1992; EPUAP, 1999) or equivalent, (vii) multivariable analyses were undertaken to identify factors affecting pressure ulcer outcome and (viii) the unit of analysis was the patient.
Exclusion criteria: (i) paediatric study populations (ii) cross-sectional, case-study, patient recall, patient selfreport or analysis of General Practitioner records and (iii) duplicate publication of patient dataset (iv) cohort studies (prospective and record reviews) were excluded from the review if >20% of the study sample were excluded from analysis for reasons including withdrawal, death, loss to follow-up and missing records (Altman, 2001; Egger et al., 2001 ; Maltoni et al., 2005; STROBE, 2005) . Controlled trials reliable overall assessment of factors which are important in affecting patient susceptibility.
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were excluded unless all of the following minimum criteria applied: (i) randomised allocation to treatment, (ii) intention to treat analyses (Centre for Reviews and Dissemination, 2009; Schulz et al., 2010) . No language restriction was applied. Data sources: Fourteen electronic databases were searched, each from inception until March 2010: AMED, British Nursing Index, MEDLINE, EMbase, PsycINFO, CINAHL, Cochrane Library, Proquest, Networked Digital Library of Theses and Dissertations, International Theses in Progress, Theses Canada Portal, Australian Digital Theses Program, and Russian Academy of Sciences Bibliographies and Index to Theses. The search strategy sought to identify all published and unpublished research studies investigating risk factors for the development of pressure ulcers. The search strategy was designed with guidance from the collaborative team and includes pressure ulcer search terms (Cullum et al., 2001) , OVID maximum sensitivity filters for Prognosis and Aetiology or Harm and OVID maximum sensitivity filter for RCTs (Centre for Reviews and Dissemination, 2009 ).
In addition we hand searched specialist journals and conference proceedings, contacted 13 experts, searched the UK National Research websites and performed a citation search on all included studies and systematic reviews identified in the search (search strategy is available on request).
Data extraction
Abstracts were screened for relevance by one reviewer (CG) and checked by a second (JN). Abstracts assessed as potentially relevant were obtained in full and reviewed against the eligibility criteria by one reviewer (CG or SC) and checked by a third (JN) . Where the statistical methods were unclear and eligibility could not be determined, statistical review was undertaken (JB). Disagreements were dealt with through consensus.
Where studies fulfilled the eligibility criteria data were extracted by a single reviewer (CG or SC) and checked by a second reviewer (JN) . Where data was missing from the publication attempts were made to contact the authors. Where duplicate publications of patient datasets were identified, the most detailed report was used for data extraction. Experts in the field were asked to review/data extract abstracts and articles not published in English.
Quality assessment
There are no guidelines for the quality assessment of risk factor studies, so we developed an assessment framework based upon guidelines for assessing quality in prognostic studies and methodological considerations in the analysis, meta-analysis and publication of observational studies (Altman et al., 1994; Altman, 2001; Egger et al., 2001; Harrell et al., 1985; Hayden et al., 2006; Maltoni et al., 2005; Peduzzi et al., 1995; Royston et al., 2006; STROBE, 2005) . Each study was appraised by two reviewers (JN, SC) and the following methodological limitations were noted where present: baseline characteristics not adequately described, inadequate measurement of risk factors (for example, record review), inappropriate cut-points used for continuous data and time dependent co-variates included in the analysis without appropriate adjustment.
In addition, specific consideration was given to the following criteria:
1. Is there sufficient number of events (rule of thumb, !10 events per risk factor)? 2. Is there sufficient presentation of data to assess the adequacy of method and analysis? 3. Is the strategy for model building (i.e. inclusion of variables) appropriate and based upon a conceptual framework? 4. Is the selected model adequate for the design?
Each criteria was assessed as being met (yes/no/partial/ unsure) and provided a structured approach for the classification of overall study quality.
Classification of study quality
We classified studies as high, moderate, low and very low quality using the following criteria:
High quality studies: yes for all criteria; Moderate quality studies: yes for criteria 1 and at least 2 other criteria; Low quality studies: no for criteria 1 and no or partial for 2 other criteria; Very low quality studies: no for criteria 1 and no or partial for all 3 other criteria.
Data synthesis
Meta-analysis of the data was not feasible for this review because of heterogeneity in the study designs, patient populations, risk factor descriptors, interventions Retrieved ( 5462) Not satisfying eligibili ty criteriaexcluded ( 5097 ) Assessed as potentiall y relevan t, obt ained in full fo r further scruti ny (365 )
Included ( 54) Prospecti ve c ohort (3 4) Retrospectiv e rec ord review (9) RCTs (11)
Not satisfying eligibili ty criteria (31 1) Cohort/Rec ord re view >20% l ost to follow-up ( 14) No multivariable a nal ysis used (2 28) Non-independe nt data (3)
RCT
Not ra ndom ised allocation to tre atment (5) Not inte ntion to tre at ( used and outcomes reported. As the main aim was to identify risk factors, rather than quantify the effect size of the relationship between those factors and pressure ulcer development, a narrative synthesis was carried out (Centre for Reviews and Dissemination, 2009) .
For each study all factors entered into multivariable modelling and those which emerged as significant (p = 0.05) were identified. For studies using stepwise regression we included non-significant factors (p = !0.05) if these were reported in the final model as being independently associated with pressure ulcer development.
Risk factors were categorised into domains and subdomains. Evidence tables were generated for each risk factor sub-domain, with a summary narrative synthesis by sub-domain and domain (evidence tables available on request). For each sub-domain the total number of studies entering the variable and the total number where the variable emerges in the multivariable analyses and the quality of studies are summarised. In the evidence tables Grade and Stage are recorded as reported in individual studies.
Results

General study characteristics
Of 5462 abstracts retrieved, 365 were identified as potentially eligible. Of these 54 fulfilled the eligibility criteria ( Fig. 1) including 34 prospective cohort, 9 retrospective record reviews and 11 RCTs. A summary of included studies are detailed in Table 1 .
The 54 studies include a total of 34,449 patients (median 237 per study). Median pressure ulcer incidence was 16.6 (range 3.2% to 73.5%). Study patient populations include intensive care, surgery, trauma, various mixed specialty acute care environments, long-term rehabilitation and nursing home populations, community populations and specific diagnostic groups (e.g. fractured hip and spinal cord injured Table 1) .
Twenty-eight studies defined pressure ulcer outcome as Grade !1 (Baldwin and Ziegler, 1998; Bergstrom et al., 1996; Bostrom et al., 1996; Bourdel-Marchasson et al., 2000; Boyle and Green, 2001; Chan et al., 2005; Cobb et al., 1997; Donnelly, 2006; Ek et al., 1991; Ek, 1987; . Where more than one model was reported a primary model was identified based upon the following hierarchy: primary endpoint of !Grade 1, primary endpoint development of new pressure ulcer(s), model with the most comprehensive range of variables, total sample or largest sub-groups of patients, largest number of pressure ulcers and models with baseline values not time dependent variables.
Study quality
Seven studies fulfilled all 4 quality criteria and were classified as high quality and a further 10 studies had sufficient numbers of event and were classified as moderate quality studies. The remaining 37 studies (68.5%) had inadequate numbers of pressure ulcers and other methodological limitations and comprised 27 low quality studies and 10 very low quality studies (Table 1) .
Risk factor domains and sub-domains
Forty-seven (87.0%) studies reported the risk factors entered into multivariable modelling and those which emerged as significant (independently predictive of pressure ulcer outcome). Seven studies (Schnelle et al., 1997; Bourdel-Marchasson et al., 2000; Ek et al., 1991; Rose et al., 2006; Marchette et al., 1991; Serpa and Santos, 2007; Hatanaka et al., 2008) only reported the risk factors which emerged from multivariable modelling. The fortyseven studies evaluated a median of 11 (range 3-45) potential risk factors in multivariable analyses and identified a median of 3 (range 1-10) factors as independently predictive of pressure ulcer outcome.
A summary of risk factors entered into multivariable modelling (where known) and those which emerged as significant are summarised by study (Table 1) and by risk factor domain/sub-domain (Table 2) .
Mobility/activity
Mobility/activity variables were classified into 8 sub-domains including activity risk assessment scale subscales, mobility risk assessment scale subscales, Overall 36 studies entered one or more mobility/ activity related variables into their statistical models (Table 2 ). In 29 (80.5%) of these studies a mobility/activity related variable emerged as statistically significant (this included 2 large, high quality studies). The variables that emerged most consistently were mobility sub-scales (8 of 14 studies), mobility/activity ADL (4 of 7 studies) and activity (bedfast/chairfast/immobile descriptors (6 of 11 studies)). In all studies the direction of the relationship was that poorer mobility/activity increased the risk of pressure ulcer development.
Study specific activity descriptors were used in 11 studies and the use of non-standardised measures also impacts upon interpretation and clinical application of findings. A distinction is found in the literature between measures of activity which are at the macro level (that is, bedfast, chairfast, ambulation) and mobility which capture frequency and magnitude of movement. An important observation is that 14 studies used standardised measures (risk assessment scale subscales) and included both activity and mobility subscales in multivariable modelling. Both subscales emerged in 1 very poor quality study (Ek et al., 1991) , in 7 the mobility subscale rather than the activity subscale emerged (Bergquist and Frantz, 1999; Baldwin and Ziegler, 1998; Watts et al., 1998; Perneger et al., 2002; Lindgren et al., 2004; Ek, 1987; Kemp et al., 1993) , illustrating that mobility measures are more able to distinguish between patients who will or will not develop pressure ulcers.
Skin/pressure ulcer status
Skin/pressure ulcer status were categorised into 5 areas comprising general skin status (relating to factors which may make the skin more vulnerable to pressure ulcer development, e.g. redness, blanching erythema, dryness), stage/grade 1 equivalent, existing pressure ulcers, and previous pressure ulcers.
Overall sixteen studies entered one or more skin/ pressure ulcer status related variables into their statistical models (Table 2 ). In 12 (75.0%) of these studies skin/ pressure ulcer status related variables emerged in multivariable modelling as independently predictive of pressure ulcer development, and this included 3 high quality studies (Reed et al., 2003; Nixon et al., 2006; Defloor and Grypdonck, 2005) .
There is strong association between Stage/Grade 1 pressure ulcers (Allman et al., 1995; Reed et al., 2003; Nixon et al., 2006 Nixon et al., , 2007 and subsequent !Stage/Grade 2 pressure ulcers. All of the studies reported odds ratios and confidence intervals and the 2 large high quality studies (Reed et al., 2003; Nixon et al., 2006) suggest that the presence of a Stage/Grade 1 pressure ulcer increases the odds of subsequent Stage/Grade 2 by 2-3 fold. Lindgren et al. (2004) and Kemp et al. (1993) 4 VLQS -Baldwin and Ziegler (1998), Watts et al. (1998) , Ek (1987) and Ek et al. (1991) 1 (2000), Lindgren et al. (2004) and Kemp et al. (1993) 4 VLQS -Baldwin and Ziegler (1998), Watts et al. (1998) , Bostrom et al. (1996) and Ek (1987) Activity ( (2004) and Kemp et al. (1993) 3 VLQS -Baldwin and Ziegler (1998), Watts et al. (1998) and Bostrom et al. (1996) Factors affecting mobility 6 of 13 (46.1%) Berlowitz and Wilking (1989) and Feuchtinger et al. (2006) Olson et al. (1996) and Okuwa et al. (2006) 1 HQS -Defloor and Grypdonck (2005) -Ek (1987) General skin status also appears to be important and emerged in 9 of the 10 studies which considered it (Schnelle et al., 1997; Allman et al., 1995; Pancorbo Hidalgo and Garcia Fernandez, 2001; Nixon et al., 2006; Rose et al., 2006; Marchette et al., 1991; Defloor and Grypdonck, 2005; Compton et al., 2008; Bates-Jensen et al., 2007) including 2 high quality studies (Nixon et al., 2006; Defloor and Grypdonck, 2005) . However, the large number of descriptors and more recent technologies to quantify underlying inflammation (e.g. SEM Bates-Jensen et al., 2007) , make interpretation difficult. The presence of existing pressure ulcers emerged only in long-term elderly patient populations (Baumgarten et al., 2004; Defloor and Grypdonck, 2005) , whilst the presence of existing pressure ulcer and previous pressure ulcer did not emerge in acute hospital patient studies.
Perfusion
Perfusion related variables were categorised into diabetes, vascular disease, circulation, blood pressure, smoking and oedema. Overall twenty-seven studies considered 1 or more perfusion related variables within their analysis (Table 2 ). Of these, in19 studies (70.4%) a perfusion related variable emerged.
There is strong evidence that diabetes increases the probability of pressure ulcer development. Twelve studies (Brandeis et al., 1994; Berlowitz and Wilking, 1989 ; Ooi Stordeur et al., 1998; Halfens et al., 2000; Feuchtinger et al., 2006; Nixon et al., 2006; Donnelly, 2006; Schultz et al., 1999; Rademakers et al., 2007; Vanderwee et al., 2009; Compton et al., 2008) included the diagnosis of diabetes in multivariable modelling. Of these 5 studies comprising of 3 high quality studies (Brandeis et al., 1994; Nixon et al., 2006; Schultz et al., 1999) and 2 moderate quality studies (Ooi et al., 1999; Rademakers et al., 2007) , including both acute and long-term care patient populations found diabetes to be associated with pressure ulcer development. The 7 studies where diabetes did not emerge were all of low quality having serious limitations, including insufficient number of events. Where diabetes emerged, the odds ratios associated with diabetes ranged from 1.35 to 2.52.
Evidence from the wide range of other 'perfusion-related' variables suggest that factors which impair circulation increase the probability of pressure ulcer development, but the evidence is limited by study quality -only 4 of 20 studies are high/moderate quality studies and interpretation is limited by the large range of variable descriptors. Further confirmatory research in this area is required.
Haematological measures
Haematological measures were categorised into U&Es, Protein, Albumin, Lymphopenia and Haemoglobin (Hb). Overall, twenty-two studies considered 1 or more haematological measures within their analysis (Table 2) .
Eleven studies (Reed et al., 2003; Bergstrom and Braden, 1992; Salzberg et al., 1999; Lindgren et al., 2004; Bourdel-Marchasson et al., 2000; Kemp et al., 1993; Ek et al., 1991; Marchette et al., 1991; Nixon et al., 2007; Serpa and Santos, 2007; Hatanaka et al., 2008) included albumin as a variable in multivariable modelling. In 7 studies (63.6%) (Reed et al., 2003; Bourdel-Marchasson et al., 2000; Ek et al., 1991; Marchette et al., 1991; Nixon et al., 2007; Serpa and Santos, 2007; Hatanaka et al., 2008) albumin emerged as significant, the direction of the relationship suggesting that lower albumin levels are associated with pressure ulcer development. Analyses are limited by the use of categorical data.
Eleven studies (Bergquist and Frantz, 1999; Olson et al., 1996; Gunningberg et al., 2001; Stordeur et al., 1998; Pancorbo Hidalgo and Garcia Fernandez, 2001; Feuchtinger et al., 2006; Nixon et al., 2006 Nixon et al., , 2007 Okuwa et al., 2006; Serpa and Santos, 2007; Hatanaka et al., 2008) involving acute hospital, community and nursing home patient populations included haemoglobin or anaemia as a variable in multivariable analyses and in 6 studies (54.5%) (Bergquist and Frantz, 1999; Olson et al., 1996; Stordeur et al., 1998; Pancorbo Hidalgo and Garcia Fernandez, 2001; Nixon et al., 2006; Hatanaka et al., 2008) haemoglobin/anaemia emerged as a significant factor. The direction of the relationship reported in 6 studies, which comprised of 1 high quality study and 5 low quality studies was that reduced haemoglobin/ anaemia is associated with pressure ulcer development. However, in one study (Hatanaka et al., 2008 ) the relationship was reversed but the study population comprised of respiratory patients where an increased haemoglobin level is indicative of severity of respiratory disease.
Four studies (Berlowitz and Wilking, 1989; Salzberg et al., 1999; Okuwa et al., 2006; Serpa and Santos, 2007) included a variety of serum blood measures (creatinine, urea, chloride, and sodium) as variables in multivariable analysis and in 2 studies (Salzberg et al., 1999; Serpa and Santos, 2007 ) the variable emerged as significant (creatinine and urea). C-reactive protein was modelled in 2 low quality studies (Sayar et al., 2009; Hatanaka et al., 2008) and emerged in 1 (Hatanaka et al., 2008) . Another very low quality study (Marchette et al., 1991) considered pre op protein but this did not emerge in the multivariable analyses. Two low quality studies (Allman et al., 1995; Pancorbo Hidalgo and Garcia Fernandez, 2001 ) included the variables lymphopenia and diminished lymphocytes within their multivariable analysis and both emerged as significant. Both studies were in acute hospital patient populations.
Moisture
Moisture related variables were categorised as moisture subscales of risk assessment scales, urinary incontinence, faecal incontinence, dual incontinence, incontinence other, urinary catheters and measures of skin moisture. Overall twenty-seven studies entered one or more moisture related variables into their statistical models. In 13 (48%) of these studies a moisture related variable emerged as statistically significant (Table 2) . Overall, there is some evidence that moisture is a factor in pressure ulcer development with the measures relating to dual incontinence and skin moisture emerging more consistently compared to moisture risk assessment sub-scales, urinary and faecal incontinence.
Body temperature
Eight studies included temperature within their multivariable analysis (Table 2) . In 5 studies (Suriadi et al., 2007 (Suriadi et al., , 2008 Bergstrom and Braden, 1992; Rose et al., 2006; Nijs et al., 2009 ) temperature emerged in multivariable modelling as independently predictive of pressure ulcer development. In 3 of these studies the direction of the relationship linked increased body temperature with pressure ulcer development; in 1 study increased temperature reduced the risk, and in 1 study the direction of the relationship was not reported. It is noteworthy that temperature emerged in all 4 ICU patient studies (Suriadi et al., 2007 (Suriadi et al., , 2008 Rose et al., 2006; Nijs et al., 2009 ). There are methodological limitations with the studies which limit interpretation. The majority of studies defined the temperature variable categorically. Only 3 of the 4 studies reporting statistical significance included odds ratios and confidence intervals (Suriadi et al., 2007 (Suriadi et al., , 2008 Nijs et al., 2009) .
Overall, there is some evidence that increased body temperature may be an important predictor of pressure ulcer development, but further confirmatory research is required.
Nutrition
Nutrition related variables were categorised into nutritional scales, food intake, malnourishment, weight, BMI, arm measurement and other measurement. Overall 34 studies included 1 or more nutrition related variable in their analyses and in 13 (38.2%) a nutrition related variable emerged as an important predictor of pressure ulcer development (Table 2) .
There are a number of limitations associated with this area of the epidemiological evidence and it is not clear that nutrition is a primary risk factor. However, the variables that emerged most consistently were related to food intake (4 of 7 studies) and weight (4 of 12 studies). Fourteen (Baldwin and Ziegler, 1998; Watts et al., 1998; Tourtual et al., 1997; Bostrom et al., 1996; Perneger et al., 2002; Pancorbo Hidalgo and Garcia Fernandez, 2001; Halfens et al., 2000; Lindgren et al., 2004; Ek, 1987; Kemp et al., 1993; Nixon et al., 2006; Defloor and Grypdonck, 2005; Serpa and Santos, 2007; Vanderwee et al., 2009 ) studies involving (in the main) acute care hospital patient populations, included nutritional scales which comprised of the Braden Nutrition subscale (10 studies), other nutrition subscales (3 studies) and one study that considered both the Subjective Global Nutrition Assessment (SGNA) and the Braden subscale. In only one low quality study (Serpa and Santos, 2007) did the nutrition scale (SGNA) emerge as independently associated with pressure ulcer development. The studies where nutritional scales did not emerge in multivariable modelling included 3 large high quality studies.
Of note is that 13 studies entered other subscales of the risk assessment scales in the multivariable analysis and the nutrition subscale was not found to be important in the presence of other key risk factors. In three studies none of the risk assessment subscales emerged in the model (Bostrom et al., 1996; Pancorbo Hidalgo and Garcia Fernandez, 2001; Vanderwee et al., 2009) , and in 10 studies one or more other subscales including mobility (Baldwin and Ziegler, 1998; Watts et al., 1998; Perneger et al., 2002; Lindgren et al., 2004; Ek, 1987; Kemp et al., 1993) , moisture (Baldwin and Ziegler, 1998; Tourtual et al., 1997; Halfens et al., 2000) , friction and shear (Tourtual et al., 1997; Halfens et al., 2000) and sensory perception (Halfens et al., 2000; Defloor and Grypdonck, 2005) did emerge as important predictors of pressure ulcer development.
Increasing age
Thirty-two studies evaluated age as a variable in their analysis (Table 2) . Of these increased age emerged in 12 (37.5%) studies (Perneger et al., 2002; Gunningberg et al., 2001; Ooi et al., 1999; Bergstrom et al., 1996; Bergstrom and Braden, 1992; Halfens et al., 2000; Lindgren et al., 2004; Nixon et al., 2006; Schultz et al., 1999; Serpa and Santos, 2007; Vanderwee et al., 2009; Hatanaka et al., 2008) . It was anticipated that age would not emerge in homogenous study populations, however, reporting of mean age and age range of study populations is not comprehensive. The trend is noted in the high and moderate quality studies. Seven high and moderate quality studies included heterogeneous study populations and in six (Perneger et al., 2002; Ooi et al., 1999; Bergstrom et al., 1996; Bergstrom and Braden, 1992; Nixon et al., 2006; Schultz et al., 1999) age emerged in multivariable modelling as an important predictor of pressure ulcer development, whilst in two high quality studies of very aged homogenous patient populations (Brandeis et al., 1994; Defloor and Grypdonck, 2005) , age did not emerge as an important factor in the presence of other risk factors in multivariable modelling.
Sensory perception
Nine studies involving acute care hospital, long-term and ICU patient populations included the sensory perception subscale of the Braden scale within their multivariable analysis (Table 2 ). In two studies (Halfens et al., 2000; Defloor and Grypdonck, 2005) this factor emerged as statistically significant. However, it did not emerge in the remaining 7 studies.
Mental status
Overall eleven studies considered mental status, using a range of measures and descriptors in multivariable analysis and 2 (18.2%) studies found mental health variables to be of significance (Table 2) . Mental status did not emerge as a key risk factor in pressure ulcer development.
Race
Five studies considered race as a variable in modelling (Table 2 ). In two studies (Bergstrom et al., 1996; Baumgarten et al., 2004) race emerged as an independent predictor of pressure ulcer development, however findings were contradictory, since in one study white race was associated with increased risk (Bergstrom et al., 1996) and in the other black race was associated with increased risk (Baumgarten et al., 2004) . In the remaining three studies race did not emerge as being significant. Overall there is limited evidence relating to the relationship between race and pressure ulcer development.
Gender
Fifteen studies included gender in multivariable modelling (Table 2) . Only 4 studies (Bergquist and Frantz, 1999; Okuwa et al., 2006; Hatanaka et al., 2008; Compton et al., 2008) demonstrated a relationship between gender and pressure ulcer development, with 3 (Bergquist and Frantz, 1999; Okuwa et al., 2006; Compton et al., 2008) identifying males at increased risk and 1 (Hatanaka et al., 2008) suggesting that males were at reduced risk. Eleven studies, including 2 high quality and 1 moderate quality did not find gender to be a significant factor in pressure ulcer development. Overall there is minimal evidence to suggest that gender is a risk factor associated with pressure ulcer development.
General health status
We categorised General Health Status into ASA (American Society of Anaesthesiologists) classification, APACHE 2 (Acute Physiology and Chronic Health Evaluation), Norton measures, chronic wounds and other factors. Overall twenty-eight studies considered 1 or more general health status measures within their analysis (Table 2) . In 8 studies (28.6%) a general health status measure emerged as important in modelling. The presence of chronic wound also emerged in 1 of the 2 studies that included it in the statistical model. The variety of measures used has made it difficult to consider the overall importance of the findings.
Medication
Ten studies included various medication therapies in multivariable modelling (Table 2 ). In three studies (Bergquist and Frantz, 1999; Stordeur et al., 1998; Nijs et al., 2009 ) medication emerged as a significant variable and these included, use of sedatives, dopamine 5 mcg/kg/ min, oxygen use and post operative steroid therapy. In one study (Nijs et al., 2009) of an ICU population use of sedative emerged as significant, however, the direction of the relationship was that it acted as a protective factor.
Overall there is limited evidence that any particular medication predisposes patient to develop pressure ulcers, rather they are likely to be a surrogate indicator of underlying disease pathology which may contribute to risk.
Risk assessment scale
Overall, 22 studies included a risk assessment scales total score within their analysis and in 10 (45.4%) the risk assessment scale total score emerged as statistically significant (Table 2 ). The risk assessment total score emerged in all the high quality (Bergstrom et al., 1996; Schultz et al., 1999 ) and moderate quality (Bergstrom and Braden, 1992; Bourdel-Marchasson et al., 2000) studies which included this variable. However, it is also noteworthy that in general, where studies included both total score and subscales of the risk assessment scale (Bergquist and Frantz, 1999; Baldwin and Ziegler, 1998; Watts et al., 1998; Tourtual et al., 1997; Pancorbo Hidalgo and Garcia Fernandez, 2001; Lindgren et al., 2004; Kemp et al., 1993) a subscale emerged as independently predictive of pressure ulcer development (Bergquist and Frantz, 1999; Baldwin and Ziegler, 1998; Watts et al., 1998; Tourtual et al., 1997; Lindgren et al., 2004; Kemp et al., 1993) rather than the total score.
Discussion
This is the first systematic review of risk factors related to pressure ulcer development. Results are consistent with pressure ulcer aetiology conceptual frameworks confirming major domains of mobility/activity, and perfusion (Defloor, 1999) , whilst acknowledging the importance of skin/pressure ulcer status and diabetes. A strength of the review was that each of the included studies were subject to a detailed quality assessment allowing limitations to be identified and taken into consideration in interpretation.
However, the review also highlights important limitations with the current evidence and methodological challenges associated with the conduct and interpretation of risk factor reviews in the absence of clear guidelines. A key limitation is the large number of descriptor variables used to describe risk factors which impacts upon interpretation and further use of the data in meta-analysis, highlighting the need for an internationally agreed minimum data set. Study quality is also generally poor (sample size considerations, analysis methods and standards of reporting). In general, sample size considerations for multivariable analyses have not been used to inform study design and only seventeen studies fulfilled the 'rule of thumb' sample size estimate of 10 events (or pressure ulcers) per variable in the multivariable model (Harrell et al., 1985; Peduzzi et al., 1995) . The impact of this is demonstrated in studies which report Confidence Intervals (CIs). For example, four studies report non-blanchable erythema as an independent predictor of Grade !2 pressure ulcer development (Allman et al., 1995; Reed et al., 2003; Nixon et al., 2006 Nixon et al., , 2007 . Two studies had inadequate numbers of pressure ulcers and reported large odds ratios with wide CIs (Allman et al., 1995; Nixon et al., 2007) , whereas the two larger studies (Reed et al., 2003; Nixon et al., 2006) with adequate numbers of pressure ulcers reported lower odds ratios and narrow CIs. Future research should ensure adequate numbers of pressure ulcers to maximise the validity and generalisability of study results.
Continuous data has been analysed as continuous data (Olson et al., 1996; Stordeur et al., 1998; Nixon et al., 2006 Nixon et al., , 2007 Hatanaka et al., 2008) , but also as categorical data (Bergquist and Frantz, 1999; Reed et al., 2003; Pancorbo Hidalgo and Garcia Fernandez, 2001; Bourdel-Marchasson et al., 2000; Serpa and Santos, 2007; Nijs et al., 2009) , with no standardisation of category values. Continuous data allows comparability of results from various studies. Categorisation of continuous data should be avoided in regression models since it leads to a loss of power and residual confounding. In addition, the use of data-derived cut points can lead to serious bias (Altman et al., 1994; Royston et al., 2006) .
A further consideration is the recommendation that systematic reviews of prognostic factors studies are limited to those with patients at the same 'starting point' in the disease trajectory (Altman, 2001) . In this review we included studies of patients with and without pressure ulcers at baseline, from acute, rehabilitation, long-term care and community populations, including heterogeneous and homogeneous patient populations. Interpretation was complicated by poor reporting of patient baseline characteristics and hence difficulty in assessing heterogeneity. It is important to note that the heterogeneity of study populations will impact upon multivariable analysis and also other factors entered into models for example, some studies included only bed/chairfast/mobility restricted patients (Defloor and Grypdonck, 2005; Reed et al., 2003; Nixon et al., 2006; Rademakers et al., 2007; Nijs et al., 2009; Suriadi et al., 2007 Suriadi et al., , 2008 Gunningberg et al., 2001; Salzberg et al., 1999; De Laat et al., 2007; BourdelMarchasson et al., 2000; Yepes et al., 2009; Hatanaka et al., 2008; Boyle and Green, 2001; Fife et al., 2001; Compton et al., 2008; Sayar et al., 2009; Vanderwee et al., 2009; Allman et al., 1995; Kemp et al., 1993; Okuwa et al., 2006; Donnelly, 2006; Inman et al., 1999) therefore it is unlikely that a relationship between mobility/activity and pressure ulcer development would be observed, as all patients were similarly immobile. Future work should be undertaken to identify a sub-set of studies deemed similar enough and of good quality, and the potential for meta-analysis explored with or without individual patient data.
In general researchers did not consider a comprehensive range of key risk factors in multivariable analyses and this limits interpretation and overall conclusions. For example, the study by Serpa and Santos includes 10 descriptors relating to nutrition, but no variables relating to activity/mobility or perfusion (Serpa and Santos, 2007) . Similarly a large number of studies do not include a mobility/activity factor in their analysis even where the study population is heterogeneous for activity/mobility (Chan et al., 2005; Cobb et al., 1997; Goodridge et al., 1998; Ooi et al., 1999) . Furthermore, the primary studies of the review do not test for statistical interaction between risk factors within their regression models. The review is therefore limited to the confines of the original study analysis. Future primary research should consider which risk factor interactions are most predictive of pressure ulcer development.
A number of studies use only the risk assessment scale total score in the multivariable analysis (Stordeur et al., 1998; Bergstrom and Braden, 1992; Bourdel-Marchasson et al., 2000; Chan et al., 2005; Fife et al., 2001; Inman et al., 1999; Schultz et al., 1999; Bates-Jensen et al., 2007; Yepes et al., 2009; Compton et al., 2008) . This does not enable the dominant risk factors to be identified. Future research should ensure that key risk factors are included in multivariable analyses, so that validation of the core set of risk factors can be achieved and prognostic variables can be utilised widely.
In addition general standards for the reporting of risk factor studies do not meet basic criteria recommended by international guidelines on the reporting of observational studies (STROBE, 2005) . A large number of studies were excluded due to two key criteria -loss to follow-up rates and use of multivariable analysis. Of the 45 cohort studies and RCTs included in the review only eighteen fulfilled basic reporting requirements (Hayden et al., 2006; STROBE, 2005) , including reporting of baseline study population characteristics, levels of significance and CIs (Brandeis et al., 1994; Bergquist and Frantz, 1999; Sayar et al., 2009; Allman et al., 1995; Ooi et al., 1999; Lindgren et al., 2004; Nixon et al., 2006; Okuwa et al., 2006; De Laat et al., 2007; Baumgarten et al., 2004; Fife et al., 2001; Schultz et al., 1999; Bates-Jensen et al., 2007; Rademakers et al., 2007; Suriadi et al., 2007; Yepes et al., 2009; Vanderwee et al., 2009; Hatanaka et al., 2008) . These are essential components for the interpretation of results. Future researchers should ensure adequate reporting of risk factor studies to improve the validity and generalisability of study results.
The methodological limitations are further complicated by the use of different outcome measures, that is both Grade !1 and Grade !2 outcomes are utilised. Some might suggest that risk factors associated with Grade 1 pressure ulcers are different to risk factors associated with Grade 2 pressure ulcers but this was outside the scope of this review and requires formal review and further analysis to inform future research and clinical practice. The majority of pressure ulcer development in the studies of the review are superficial pressure ulcers since cohort studies fail to recruit patients who develop severe pressure ulcers; therefore the review is limited to risk factors associated with superficial pressure ulcer development.
The strong association between Stage/Grade 1 pressure ulcers and subsequent !Stage/Grade 2 pressure ulcers resonates with what is experienced in clinical practice and nurses often see the presence of non-blanching erythema as a warning of potential further deterioration. Additionally the presence of an existing !Stage/Grade 2 pressure ulcer would alert the nurse of the possibility of additional pressure ulcer development and the need for secondary prevention.
Another potential area of uncertainty is whether the superficial pressure ulcers reported in the studies of the systematic review are incontinence associated dermatitis (IAD) rather than pressure ulcers. Historically trunk wounds have been labelled as pressure ulcers but there is confusion between IAD and superficial pressure ulcers (Beeckman et al., 2011; Doughty, 2012) . Only 1 study specifically reported that the training of staff undertaking skin assessment incorporated the differentiation of IAD and pressure ulcers (Vanderwee et al., 2009) . Moreover, there is a possibility that the importance of pressure ulcer risk factors may vary in relation to specific skin sites and this is still to be elucidated.
The methodological limitations within the pressure ulcer literature are similar to those reported in other areas of medicine (Altman, 2001; Egger et al., 2001; Maltoni et al., 2005; Riley et al., 2009 ). Whilst it is recognised that as multiple similar studies accumulate it is important to identify and evaluate all of the relevant studies to develop a more reliable overall assessment (Altman, 2001) , the methodological limitations of the studies identified precluded combining study results using meta-analysis.
Finally, whilst there is a general literature on the considerations in the assessment of limitations and bias in the review of risk factor and prognostic factor studies (Altman, 2001; Egger et al., 2001; Hayden et al., 2006; Maltoni et al., 2005) , there is no framework for classifying study quality to support the narrative synthesis in a risk factor systematic review. We included key quality criteria in the inclusion criteria (loss to follow-up and multivariable analysis), considered general issues affecting confounding and bias and developed a review specific quality classification based upon the key aspects of the analysis methods, to support interpretation.
Conclusions
Overall there is no single factor which can explain pressure ulcer risk, rather a complex interplay of factors which increase the probability of pressure ulcer development. The review highlights the limitations of overinterpretation of results from individual studies and the benefits of reviewing results from a number of studies to develop a more reliable overall assessment of factors which are important in affecting patient susceptibility.
The risk factors which emerge most frequently as independent predictors of pressure ulcer development in studies using multivariable analyses are consistent with pressure ulcer aetiology conceptual frameworks, confirming major domains of mobility/activity and perfusion (including diabetes). In addition skin/pressure ulcer status particularly relating to stage/grade 1, emerged as a major risk variable and this is an important finding of this systematic review.
Other factors including skin moisture, age, haematological measures, nutrition and general health status are also important, but do not emerge as frequently as the three main domains. Other factors which may be important but were included in only a small number of studies include body temperature and immunity and these require further confirmatory research. Our review shows that there is minimal or limited evidence that either race or gender is important.
The review provides a foundation for the further development of a conceptual framework of pressure ulcer development to bridge the gap between the epidemiological, physiological and biomechanical evidence and enhance our understanding of the role of individual risk factors in pressure ulcer development. This will facilitate the development of a pressure ulcer minimum standard dataset to inform future risk factor research and the development of improved risk assessment methods. This work is being taken forward by a National Institute for Health Research (NIHR) Programme Grant (Pressure UlceR Programme Of ReSEarch (PURPOSE): RP-PG-0407-10056).
